This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



FACSIMILE 



Dw: January 23, 2004 



from: Richard J. Travcrso 



To: 



Examiner Kumar 
USPTO 



MILLEN, WHITE, 2ELANO & BRANIGaN, 



P.C, 



Arlington Courthouse Plaza I 
2200 Clarendon Blvd., Suite 1400 
Arlington, VA 22201 (U-Sa) 



(Fax: 703-243-6410) 



facsimile No.: 703-746-3125 




Telephone No.. 



Re; 



Bayer-0006-POl 
USSN: 09/776.936 



Total No. of Pages. 18; if you do not receive all pages, please call (703) 243-6333 



Dear Examiner Kumar: 



Attached is the complete copy of the Broder reference we discussed by phone and 



a copy of the Russian Examination Report which cites U.S. patent 3,284,433, £P 
709225AI and WO 96725157. I have also included an English translation of the Russian 
Examination Report. If you require further information, please let us know. 



rnfurnwmon contained in mis fccunuk nwy contain jH-mlegcd and confidential information and i* intended sokly furmcu*eof tho 
addressee hsied above If you ko nei&er ihe intended recipient nor the employe or agent ^sponsible for delivering ihu> 
ccmmunicanon to the intended recipient, you art hereby rtuDfied tfmt any disclosure, copymg ord^nbuitoji of. or the taKins of any 
acnen in reliance on the eomcnts of this conm vnitaaon i* strictly prohibited. If you have received itus comnwiicarion m cnor 
ptetto imnwd* jacly notiry i» by telephone On (703) 243-6333 to arrange for return of the anginal document to u* at our cost Thank 
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you. 



C, l0 alkoxy. : halogeh, OH, -SCH 3 , N0 2 , 

or a pharmaceutical^ acceptable salt thereof. 

with the prov,so that if X is -O- or -S-. R and R are H. and Y .s phenyl 
unsuDstituted by OH. then R 6 is alkoxy. 

Therefore, the Applicant is inv.ted to restrict the claims to the above limitations 
or provide additional data in support of the claims. 

There is no representative of the inventive groups of compounds 
characterized in terms of pKa. At the same time, as can be seen from the 
^^Tdo^merits and the most relevant prior art reference that describes 
structurally close compounds, the value of pKa is a feature essent,al for the act,y,ty 
claimed (see also W096/251 57. published 22.08.1996. 1 17 pages). Therefore, the 
Applicant is invited to submit the above data. 

The Applicant is further inv.ted to rev.se the claims in order to remove ; kn own 
compounds from the scope of tne claims, in P?«icujar the fW*?J*$ 
^ncomoass a whole ser.es of known compounds. For example, .t R -R and R -H 
!I ^?teneway hlJl wo. or one or more of them is/are an alkyl or halogen 
n Zc gX or X Y^hUin X is as defmed above and Y is an optionally subst.tuted 
ohenvl then the structural formula would cover some known compounds 
Cntftsf^ed S 4. ureas or a.kyl, a.koxy nitre , or ha.ogen suMIMed d.pheny. 
urea derivatives For example. U.S. Patent 3.284.433, published 08 11.1996 (b 
eacnls obtaining 4-phenoxycarbanylides wherein the phenyl rings may be 

document describes the compound as defined in claim 1 2 of the present >nvent,on 
^rSnce wale/251 57 prevously mentioned, too. describes various d.pheny. 
suM^^rew wiffi the phenyl rings comprising the same radicals M empHyM 
S^^n^teXn. EP 709225 A1 published 01 .05. l 996 (64 pages) d.sclcjes 
ob ^^^Mintol* V on page 4. compound Dl on page 13 and otter 
com^unds on pages 14. 15. which are covered by the genera, structural formula 
of the inventive compounds as well. 

Regard.ng dependent claims 2-11, the Applicant is invited to adapt .them to 
tne amlndments to be made to claim 1 (see the requirements of paragraph 
19 %m of tnraforesaw Rules concerning the structure of claim and manner of 
cfaS and the requirements of paragraph 3.3.2.5(3) specif.cal.y concerning 
dependent claims). 

Claim 12 is directed to a single compound which is disclosed in U.S. Patent 
3.284 P 433, as mSed above That is. claim 12 does not meet the novelty 



criterion. 



Reoardino claim 13 directed to a pharmaceutical composition, the Applicant 
is invito ^dSSSS the mode of activity in this claim, keeping wrth.n th^onginal 
disclose of the invention. Subject to revision of the groups of compounds 
S tc ! claim l and presentation of activity and toxicity . data as we.l .j* 
Smoles of the compos.t.on (see the requirements of paragraphs 19-5.1(2) and 
of ?he aforesaid Ru.es), the Applicant is invited to consider resting 
claim 1 3 to read: 
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13. A pharmaceutical composition having properties of inhibitor of a 
cancerous cell growth mediated by raf kinase, comprising a compound of claim l , 
and a physiologically acceptable carrier. 

Claim 14 is directed to a pharmaceutical composition comprising a compound 
of claim 12, However, as mentioned above, claim 12 is anticipated Dy tne prior art 
and thus has to be canceled. In that case, claim 14 would no longer meet the 
requirement of unity of invention for the lack of a single inventive concept between 
claim 14 and claim 1 (see paragraphs 1 9.4(5) and 2.3 of the aforesaid Rules 
concerning the unity of invention requirements). Therefore, claim 14 has to be 
canceled. 

The subject matter of claims 15-19, directed to a method of inhibiting a 
cancerous cell growth mediated by raf kinase, is disclosed too generally. There is 
a description of testing procedures, but no indication of particular compounds 
tested, their activity and toxicity data. Furthermore, these claims cover the group 
of compounds of formula i and compounds of claim 1 2, as well as compounds not 
included in claim 1 or claim 12. At the same" time, the Applicant fails to give any 
information concerning the compounds not included in claim 1 or claim 12. That 
is, there is no information provided as to the method of obtaining, physico- 
chemical characteristics and activity data, or indication of references in which such 
compounds or method of obtaining the same would be described. The Examining 
Authority suggests that claim 15 be limited to the compounds of formula I 
according to claim 1. taking into account the application documents and the 
foregoing remarks. 

Dependent claims 16-19 should be adapted to independent claim 1 5 (see the 
requirements of paragraph 19.4(7) and 3.3.2.5(3) concerning the structure of 
claims and the manner of claiming). r ; 

3. in view of the foregoing, the Applicant is invited to analyze the statements 
of the Examining Authority, present additional data, amended claims and amended 
description incorporating all the amendments and additions to be made (see 
paragraphs 19.4(7), 19.6(5) of the Rules). 



Department for organic compounds technology 

Leading state patent examiner S.L Polyakova- 
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KXCHffCKOE ATEm-CTCO * 10 ^ n °- 2000 

nO ITaTEHTaM H TOBaPHUM 3HAXAM 
(POCRaTEHT) 

flFOMMUUlEHHOii COECTBEHHOCTH 

EepcxjcouicM Mfi , 30, W)pn I, Maacrew P-59. rCTM, 123995 j— r 

Tcnc(pon240 60]5.Tcnntcn48UnAH.OMc243 33 37 | [ 



Ha Jfe 200429 or 

(20H*uuXs 2000120165/04(021682) 

« I 

cooomunto daftly nonyvBnua dawofl 



3AnPOC 

(21) no 3a*3Ke Xs 2000120165/04(021682) 

(22) flara nocryiuieHHja 3a«BKH 22 . 1 2. 1 998 

(86) 3a*Bica Jte PCT/ US98/26081 ot 22.12.1998 (96) 3a*BKa JfeEA 

(71) 3a*BHTeji&(H) EA&EP KOn3PEftlIlH, US 



(51) MIIK C07C275/24, 0070 213/02,333/02^61^1/17,31/38,31/44 (Sl)MKnO 



JJflA oSecneneEiw bo3mcwkhocth ixaJifcHeSmero paccMoipenHH 3aaBKU 3KcnepTH3^ npejuiaraeT 
saaBiiTejQo npe&craaHTb MaTep.Hanw, Aox^eariai. GBeaeEsa-B cbjdk -- ^ uoctobjxcbhumh* BonjtocaMH ^ 
mh£SH£ othochtcjibho npHBCACiuiHx b 3aixpoce jjobo^qb, 3aM£^aBH&, npejyioHceHHfi. :V 

Oraer trn sanpoc aojpscea 6wn> npeacxaBJieH b ycra»oBJieHHua nyracroM 8 ciarui 21 
UaTeHTHoro saxona PocchSckoA Oeaepaww (BBeflen b AeScrwie 14.10.92) cpoK. IIo npocfc6e 
3aaBHTejw 7 uocTytuiBiiieS eo HcxeneHiw anroro cpoica, oh moxct 6wn> opoAJiea np» ycuoBHH 
ixpe^cTaBJieHHH ^oKyMenTa 06 yimaTe nonuiHHSi b ycraHOBJieHHOM nopajoce. 

B cnynae HeaoerymieHHa b ysasaHHhffl cpoK OTBera Ha sanpoc bjih npn ueapojuiemsx 3jovo 
cpoita 333B*a 6y,ACT opa3Hana oT03Baanoft. 

Bonpocbi, flOBOjiu, 3AMEHAHHH, npiyyicMKEHMa 



(Or *a o£qpom*J 



05 



041501 
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l.ripejuoaceHo coeOTHeHHe <|>opMyJibi I (cm. n^U-U (JwpMyjiu H3o6pctghha), 
coe^nhHeane 4>opMyjm, yiea3aHHOii b n.12, ^apMwesTHHecKaa KOMno3nmi« (aapHaHra)(cM- 
n.n.13,14) w cnoco6 nojia»JieH*ia pocra ooyxojieBhtx kjictok (cm.u. n.15^19). 

3a*BHTejib npocnr ycranoBHTb KoaBeHnHOHHiOfl npHopirreT 22.12,1997, Ha ocnoBaHHH 
3aaBKH N9 08/996344, noaanHoft b naxeuTKoe se^OMcroo CIIIA. 

2.CorjiacHO Tpe6oaaHHio n. l9.5.1(2)IIpaBHft-l npH ycTaaoBJieaHW bo3mo*chocth 
Hcnojn>30»anHfl H3o6pereHH*i, cpoBepaerca oimcaHw juj b MarepHajxax 3aaBKH cpeacTsa a 
Merow c noMombio jcoTopnx bo3mo)kho ocymecTpneHna H3o6perennH b tom &UAe, kek oho 
oxapatctepw3oaaHo b joo6om H3 nynicroB ($>opMyjiN K3o6pereHHa, m A^cTBHxejibHO jih 
BO3M0HCHa pearnoauHa yKa3aHHoro 3asBareJxeM Ba3HaHeHRa. Bojiee nojxpoSno yxa3aHHHe 
Tpe6oB3HK« raJioxeem* B nyHKTe 3.2,4.5(3) « (2) IIpaBHJi-1 , ecjm H3o6pcrcn»e otjiochtcs k 
hobwm xKMH^eCKHM coejmneHHAM , (JmpMaueBnrcecKOH K0M0O3HUMM « cnoco5y Jieneima. 

B Maxepnaaax 3&sbkh OTcyrcroyioT U0Ka3axejiH &ktsibhoctk npeacraBHTejiefi rpynn 
coewaeHuft c pa3HSTMH no xawwecjcoa npnpo;xe pa^HKajiaMH 3 a xaioKe oTcyrcrBywr 
Aaattwe no tokcmhhocth npeAnaraeMBix coejwmeHMft. 3asBHTejno cjicnyer npejjcraBHTb 
rarae aaronae. HMetouprec* MaTepuama 3aaBKH paacpbisaiOT cnocoS norcy^ejraa, $h3hko- 
XHMHHecKHe xapajcrepKCTHKH rpynn coeAnueHHfi $opMyjnj I 



R 3 




R 3 




LTIpu 3tmpoce xorruu npomuvonacmoB&eHHtxx ucmonhUKOQ un^opMO^uu ueofaoduMQ npedcmaeuMb 
doKyMenm 06 onnameyaiyzu 3a rtpedocmcmenue ucnprnuueaeMoeo Kamneama cmpanun, yKOSQHHux & 
mexcme no deucmeyiouiUM mapu^a^: -cormcno flofOoopy 
uenaTeflTHaa .FiHreparypa 3a l crpanauy 
- naTCHTwaa jmrepatypa sa 1 cipaHHuy 
2.npaevtxra cocra^Jicnua, noiiaHH m paccMOTpeiraa ssubkh w vuu&Hy naTcnra na wao6ptrremie naeAeHU b 

<aefcrt$we 16.10.98 OIpaaMJia- 1) 
IMpaeuxa cocmaanehWi, nodanu u paccMOmp&huH sonata* ua sudany namenma hq npoMtiuuieHHbiu 
c6pa3etf eeedehu 6 deucmeue 23, J0.98ffJpaewia -2) 
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R 3 , R 4 , R 5 h R 6 Kaamuii hC3^bmchmo 03Banaer H, raJioren, NOj, C M aAKHA, no Bw6opy 
3aMeiaenHMH rajioreHOM BxmoTfc ao noraoro saMemeHna; Cj^anicoKtiH, no B&i6opy 
3aMememiuft nuiorenoM Biuioxb aq nojmoro 3aMe«ehws; CsJvrepoapHJi,coAep*aiittfB b 
Ka^ecrae rerepoaTOMa a30T ham cepy a 00 Bu6opy 3aMemeHHwfi C 1 ^ajuatfirpynnaMz, h 
oahh »3 R 3 -R 6 no BuSopy o3Hanaer -X-Y; 

mjim ABa coceOTux R 3 ~R 6 Moryr 6utb o&beAEHeira c o6pa30BaioieM $emun>Horo haw 
rerepoapHAWioro -S(02)-co^epacamero nwioia c 5 axoMaMH b imicjie, 

R 4 ', R 5 h R 6 ae3aBHCHMO o3na*uor H» ranorea, C r C 4 ajiicHA, 00 Bbtfopy 3aMemeBHbiH 
rajiorewoM BHUOTb ao nonaoro 3aMemefnw,C(-C 4 ajiKOKCM > no Bbi6opy 3aMemeHHi>iH 
ranorenoM bfluqtl ao noAHoro 3aMemeHH« hjih -X-Y, h jbo6oh H3 R 4 , R s hjih R 6 o3Ha^aiOT 
-X-Y, hah 2 coccahkx 3aMecTW*AA K3 R A ' y K y R 6 o6*eAHHem4 c o6pa30BanHeM 
reTepoapHjn>Horo cepycoAepacamero icotona* coaepacainero 5 axoMos, no Bti6opy 
3aMemeraoro cjie^yiomwMB rpynnaMHt Ci^amatn, Cj^bakoicch, 

R 6 ',KpoMe Toro,03HaHaeTN02; 

R J o3naHaer Cj.joajiKHJi, no BbiSopy 3aMemeHHLi& ranorenoM boaotj* ao nojnioro 
3aMemeHH^; 

R 3 ' o^naHaeT H, ranoren, Cj-CjoaJiKKJi, no aw6opy 3aMemetrcto& rajiorenoM biujoxj* ao 
nojiHoro 3aMemeHHA, Ci-CjoaincoKCH, no Bw6opy saMemeHHtift ranoreHOM BnAQjfe r ao 
" nojmoro 3aMciaentiai 

X osManaeT -CHa-, -NCCH3)-, -NHC(OK -CH2-S-, -S-CH 2 , -C(0>, hah -O- h X, KpoMe 

Toro, o3HanaeT npocryio cbx3i>, rue Y 03Ha^aex irapHAHA; h 
Y 03HanaeT ^esHJi, irapHAHA, na^iKJi, iihphaoh, AHpa3HH, mipHMBAKH, 6ea3OAH0iccaH 4 

5eH3onnpHAHH hjim 6643011193011, KaacahTft no Bhi6opy 3aMeinen cwAyiomnMH rpynnaMn: 

C^joajncKJi, Ci-ioaJJKOKCH, ranoreu, OH, -SCH3, N0 2? 
hjuj mx 4>apManeBTiroecKH npaeMJieMaa cqju» 7 

npH ycaoBHH, <nu, ecAH X 03HaHaer -O- hah -S-, R r h R*' 03Hawn- H; a Y o3Hawr ^emji,: 
He3aMemeHHbiS OH, to R 6 03Hawr aAKOKCH.np3TOMy 3KcncptH3a npezuiaraer 
orpanHWTB npHTmanHa HMCtomHMHCA MarepnaJiaMH no n.l $opMyJiu hjih npeACTaBHTt 
cooTBeTCTayioiAHe AonojiHHTejibHwe Aawrtfaie. 

npa stom hh ajw OAHoro «3 npcAcxaBHTCA^d nojiyHeaHwx rpynn coeAHneHHfi ae yKa3aaa 
BejiKHjoia pKa3 to ^ce BpeMA, kbk bhuko »3 MaTepnaAOB 3a»BKH h »3 6Aracaainero aaaJiora, 
onncjoBajomero 6AH3KHe no cxpyioype coeA»Heima, 3HaneHHe yKa3annofi bcauhkhw pKa 
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awwerca cymecrBeHHfciM nptfmaKOM fliw yicasaHHoro Biwa suerHBHOcrcc 
( cm . Taiojce W096/25157 onyOJWK. 22.08.1996, Bcero 117 
cTp.jnosTOMy 3KcnepTH3a npeaJjarae-r npe«CTaewTb yKasaHHwe 

npw yTOMHeKMM $opMyjiw M30BpeTeHw« sKcnep-maa Taicxe 
npeAwaeT sanBuTejno wcKJUoyMTb na o6-beMa n P MT» 3 aHW 

«3BeCT«faie COeOTHBHHfl. B *aCTHOCTW,B TOM BMfle, K3K 

npeflCTaajieHa ftopwyjia K3 o6pe<reMMfl / o«a niunoMae* uenuft P«* 
n3secTHMX coejiwHenHfc. HanpMMep, eciw R 3 -R 6 w R R 

OflKOBpeMeHHO 03Ha«a»T BOflOpofl,MJlJ4 OWK KeCKOJZbKO W3 HMX 

osHa^iaioT ajiKwJi mjw rajioreH, HKTporpynny, vum X-Y, r«e X MMee* 
paanwe 3HaneHKa, yicasaHHhie BH«se, a y oawa^aeT b°3«ok«o 
BawemeHHWft fcewui, to no* npejmaraeMyio cTpyKTypnyio ftopnyjiy 
nosnaaajoT M3BecTHue coewwewn- HesaweweHHwe 

JHfceiOUlMOWeBMHH, MJTW aJIKWI, aJIKOKCMf HHTpO WW 

rajioreKsaMemeHHwe npowSBOflhfaie w$eHKUiMO^eBmu4. HanpnMep,B 
naieHTe US 3284433, onyBJiHK. 08 .11. 1966r. (scero 5 
c*p.)onnca«w vi nojiyneHbi 4-$eHOjcciucapOaKKJU«o*, a koto P wx 
$eHtwit,Hbie nojibua Mory* B«Tb 3 a M emeHH aTOMawn ranoreHa w 
HUTporpynnoR . B nyHKTe 4 yicaaaHHoro naTeHTa onucaHO 
coeiMHeHKe. no n.12 • fopuyjiw HacTonwero w»P^p f f?e^.B^ . 
W096/25157, y*asaHHOM swine, Ta**e onwcaHt* pasJUMHwe* 
flw^H.oJisaMemeHHHe MoneBWHhi, b koto P mx fceHHJibHwe mojibua, 
a-aicxe, Kaic K b npe««araeM«x coe*KHeHK«x, mow co,nep*aTb 
w «e«TM^Hbie sHaneKWH pajwieanoB.B EP 7092 25A1, 

onyOJWK.01.05.l996(8cero 64 ct P .) onwcaHw h nojiy^eHti 
coewHeHUfl ^opwyjiH V cTp.4,crp. 13- coe fl «HeHne Dl k apywe 
coewHeBHS Ha ct P . 14,15), KOTopwe Tarae bxojwt b oOmyio 
• cTpyKTypHyitf $opMyjiy eoeavweHwft HaGTosmero waoOpeweHMq. • v.y., 
3a B ncwMbje nyhKTH fcopMyJtti 2-11 sKcnepTMsa npejuiarae* 

npHBeCTH B COOTBefCTBKe C yTCdHeHHblM HesaBUCHMWM nyHKTOM 

Kcm. TpeBosaHw* n. 19. 4 17) npaswa-l k CTpyKType m wsnoaeHHio 
$op M yjiw*3o6pe<reH W s w n. 3. 3. 2. 5(3) npaawi-1, pas-bacKiuoinMft 
•rpeSoBahnfl k aaswcwMUM nyHKTaM fcopMyjibi) . 

nyHKt 12 fcopMyjiH n3o6peTeHMfl OTHOCHTCH K OWOMy COeflKHeHHlO, 

KOTopoe, ksk yK a3aHO suae, orwcawo b naieHTe US 3284433. To 
ecTb n.12 $o P MyJibi He coo*Be*craye$rcjioBwo 

naTeHTOCnOCOBHOCTM-HOBH3Ka . 
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B oyHjer 13 $opMynia H3o6pereHKJi , oTHocamaflca k $apMawBTHHecKoa komho^hh, 
3iccnepTO3a npeiUiaraeT aamo^rh bha ajcTHBBOcTH, c yneroM bmooiubxcji MaTepnanOB 
sjwbkw. Howie yroHHcum rpynn coeflBHe»»B no n.l $o pM yJiH, a Taxace npeflCTaaneaHs 
nOKaaaxeJiefl aKTB»HOCTB, AaaHWX no tokchhhocth, h npBMepoa KOMno3HHHH (cm. 
TpeCoBaHHfl n.l9.5.1(2) ripaBHJi-1 h n.3.2.4.5(3)-flpaBja-l), aKcnepnna npejuiaraeT 
H3Jioaarri> n. 13 b ajeflyiomeft peaaicmui: 

13.<PapMaueBTHHecKaa KOMno3HUBs,o6jiaflaioiaa» cBoftcTBaMB HBrn6inopa pocra 
onyxoAeabix kjictok, onocpeffCTBoaaHHoro KHHasoR RaF, coflepacamaa coeawieHHe no 
n.l m $H3HOJion«ecKM npHeMfleMwit hocmtcjib. 

nymcr 14 $opMyflH Hsoeperemw , othochtcs k fcapMaueBTHHecKoa komtioshukb, 
BKiBOTOJOwea coeOTHeiwc no n.12 ^opMynw-OffnaKo, was yKaaaHO siame. coejmHMiHe no 
n.12 i^opMyjibi 6«no paaee onacaao b aojdkho 6&rn> bckjuo^ho h3 npirrasaHHft 
aaaBHTCJM.B rroM cnynae, n.H $op*yJiw 6yaer Bapyuwr* mibhctbo rooQpeTeBHa, 
nocKOJibKy Be casaaiio c o.l $o P MyjiH eiWHWM asofiperaTejn.cKBM aaMwcjiOM (cm. 
n. 19.4(5) npasHii-i h n.2.3 IIpaBBn-1, paswicHJaouwfi Tpe6o8a»u ft tywHcray 
H3o6pereni«). ItesroMy n.14 aojekch 6wn> Hciuuo^eH w (popMyjiw tfjoopereajra. 

riyHKTU 15-19 $o P MyJiM , o-roocsmBecs k cnocoSy noflaBJieHH* poena onyxoneabDc 
kjictok, onocpeacTBODaHHoro khhjwob RAF pacKpwr'B ofimeM BBae. YKasaaa MerowDca 
KcnwTamiftpiO. H e yxasaao xaxiie coeAJ»ew« Hcnwraro h »x xkmosbtow aKTHBHp^H. a 
"SieSHHMe no ToreiWHocniiCpowe Toro,3TH ayiucni , BKJiKwa&r r^yriny coejopgBHa 
^opwyw I h coeOTHeHHfi no n.12, a Taiace coejoraeaHfl H e BKJnoseBHwx b n.l aro n.12 
$opMyjna. Tip* 3tom sasBareJieM ne np»BO«BTc« jcaxHx-jiBOo jwhbwx oxBocatejibHO 
coe^HHeiaia He bkjwwhhkx b n.l huh n.l 2 $o P MyJU* B306pexeHiw. T.e He ophbdahtcx 
flaHHba o cnoco6e mx nojiyneHiw, $H3BKO-XHWBHecoix xapaKrepacTBK, a mate 
noKasaxejiea airmBHoc™, n*6o JMiepaxypHMX flasHUx, b KotoptK orutcam* *th 
coejmHeHHS b cnoco6 hx nojiyraou. SKcnepTasa opewaraer orpanawb Kpyr 
coeABK^BKB^ HOTo*ni»3yeMBix b n.l'5 coejuiHeHBSMK fyfrtfiaa I no^n.l ^opkyiai ,c 
yneTOM BMetonwxca MaTepnanoB sasBKH h 8bnneB3Jio*ei«K>ro. 

3aBHCMMBie nyHKTU popMyjiw 16-19 cjieflyer npHsecxB B cooTaerciBBe c ueaaaacBMHM 
n.15 *o P MyJiw (cm. Tpe6oBaaHfl n.19.4 (7) k crpyxrype h BaJioxenaio ^pMyjiw 
H306pereHHii. axawKe a.3.3.2.5(3) npaBHJi-l.paatacHfflOWBfi 3TK Tpe6oBaBBa). 
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3. Ha ocHoaaHKH H3JioxceHHoro npmnmo aeoSxAOKMbiM iipejuiQT&rrb 
3aaBHTejco npoaHanH3HpoBan> ^oboahi 3KcnepTH3w, npe^cTaBHTB 
AoaojiHwxe^bHbie aaHnwe, yTo^nenKyK> <J)opMyjiy H3o6peremis u 
oTKoppeKTwpOBaHHoe onacaaae aKJUonaiomee Bee hsmchchha h ^onojmeHJW 
(cm. xU9.4(7), 19.6(5) Ilpa***-!). 

IIpocuM nojxreepjiHTb boimo}£hocti> HCDOJB»30BaHHa yica3aHKOro a 
3afl3iteH«H noHToaoro aapeca aji* nepeimcKH c 3aaBMTejieM, a a cjjynae 
K3MeHeutw ero, cooSnurrfc 06 3tom 

Beflyuwtf rocy4apcxBeHHH2 nareHTHMB 
3KcnepT oT^ejia TexHOjjormt 





240 25 27 
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(21) Our N 2 2000120165/04(021682) 

in correspondence please i«er to trie ■pphcwoni numocf 
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REQUEST 

(21) Application N 2 2000120165/04(021682) 

(22) Filing date: December 22, 1998 

(86) Application PCT/US98/26081 of December 22, 1998 
(71) Applicant(s): Baver Corporation. US 

,^ IPC: 7 C07C 275/24, C07P 213/02. 333/02, A61K 31/17, 31/3 8, 31/44 

~* aftrM.caiion the Exarruner trwites me 

mjn a ^,0™ period ot tune unaer me Patent law of me 
A repty to me revest .s » » given "™ * .^^^^vea . Mom me e«pu> of uvs p*.od 

esia&lisnea procedure 

_ _ __. receivea oy a spec.tKW oate or trns una period is nor 

m case .t me reply » me request .s not received y * 

extern** me appncawn *,ll oe regarded as w,mflrawn. 

QUESTIONS, ARGUMENTS, REMARKS, PROPOSALS 

, mere are -im-a co.^ 

date from earlier application 08/996.344 tiled witn xne u.=» 
Office. 

-.^ «^ rt «r4»nh 19 5 if 21 of me Rules on drafting, filing and 
2. in accordance with P ara ? rap V^.', rt Ascertained during the feas.Dility 
examinat.cn of a patent appl.cat.or i .t should lOe ^^Sibe means and 
assessment whether the application ^uments descnoe r y 
techniques allowing the i nvention ^as ''^^^^^^Ses^^ 
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requirements with respect to novel chemical compounds. Pharmacia, 
compositions and metnods of med,cal treatment. 

formula I and phys.co-cnemical characteristics thereof 




D 3 q5 «nd R 6 are each, independently, H, halogen. N0 2 , C^alKyl 

0Ptto ^ R suLfd R j Js^-srs^.^ 

^r^rand^^ 

"'^ofir'adiaoent iW can togetner De a phenyl or heteroaryl -S<0,>- 
containing I ring with 6 atoms inaependently . H . halogen. C^aikyl optionally 
»JL5 ^TJ% perhalU, C alKoxy ^ 

atoms, optionally substituted by C^alKyl, C,. A alkoxy, 
benJpyS or benzothia^le. each optionally »„Dsmuttd By C,., 0 alKyl. 
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requirements with respect to novel chemical compounds. pharmaceut,ca, 
compositions and metnods of medical treatment. 

ssss sssrss .t: ss»«rs « « 

formula I and phys.co-cnemical characteristics thereof 




r,3 n4 Q 5 arfi R 6 are each independently, H, halogen, N0 2 , C^alKyi 

Rt "S??? 'adjacent Wf can together de a phenyl or heteroaryl -S(0 2 >- 
containina I nng with 6 atoms . aem , H< hal09en . c M a«cyl optionally 
*JL2 X^V* perha.U C ^ optionajy ««u-d * 
3£S.# VS^^Vr^"^ contain*, r,ng with 5 
atoms optionally substituted by C^alkyt. C^alkoxy, 

X iS Vtr e i a pS nTpX 6 py^r^-e. pyridine. 

„en JpyVfdineor each optional substituted Dy C,. 10 alKyl. 
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Adenovirus Infection Stimulates the Ra#MAPK Signaling 
Pathway and Induces Interleukin-8 Expression 
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Received 17 M*y 1996/ Accepted 13 September 1996 

Previous studies have shown that airway administration of adenovirus or adenovirus vectors results in a 
dust-dependent inflammatory response which limits iht duration or tran^gene expression* Wc explored (he 
possibility tbat adenovirus infection triggers signal transduction pathways that induce the synthesis of cyto- 
kine* and thus contribute iu ibe early inflammatory respond Since stimoUtiOn of the Ratfmiiogen -activated 
protein kinase (MaPK) pathway actuates transcription factors that control the expression of inflammatory 
cytokines, wc examined the activation of this pathway following adenovirus imVction. Adenovirus infection 
induced the rapid activation of Raf-1 and a transient increase in the tyrosine phosphorylation and activation 
of 042""^ at carry times postinfection. Activation of the RatfMAPK pathway Dy adenovirus is likely triggered 
by the infection process, since it occurred rapidly and with various mutant adenoviruses and adenovirus 
vectors. Moreover, ioUrleukin-S (U^3> oiKNa accumulation w»s evident at 20 mm postinfection and was 
induced even in the presence or cycjonexinuOe. Botn maI'K activatfun ana TL-& production were mhibuea dj 
r^sKor.^Ti'^T^n inhibitor of Raf-l. These results suggest that adcuoviruvind uced RaffMAPK ectivoton 
contributes u> TLr$ product ion. Adenovirus-induced activation of the RaffMApK signaling pathway and Il*-8 
production may play critical roles in the inflammation observed following in vivo administration of adenovirus 
vector* f6r gene therapy. 
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Recombinant adenoviruses offer many advantages for the 
development of gene therapy vectors, eg., the ability to mfeei 
nondividing cells, roousi transgene expression, ana ease of 
generating high-liter stocte. a major obstacle that stands in the 
way of effective gene therapy for chronic diseases with adeno- 
virus vectors $s transient expression of the therapeutic trans* 
gene, which is associated with vector-induced pathology. Two 
phases of an inflammatory response following adenovirus in- 
fection m the lungs of cotton rats and mice have been reported 
elsewhere (22, 23). The first phase occurs between days 1 and 
5 postinfection and is associated with a lymphocyte, monocyte/ 
macrophage, and polymorphonuclear leukocyte infiltration, as 
well as the local release of The inflammatory cytokines inter- 
leukin-l£ (lL-lp). tumor necrosis factor alpha (TNF-a), and 
U_-6. In addition, elevated levels of the inflammatory cytokine 
U.-6 have heen observed in the serum following airway admin- 
istration of adenovirus vectors in humans (X*), rats (22), and 
mice (23). Recently, increased levels of IL-8 were observed in 
me bronchoarvcolar lavage fluid (BaJ-F) following airway de- 
livery to macaques (67), The second phase occurs 5 to 7 days 
postinfection and » cbaraetemed by perivascular and bron- 
ehioiaj infiltration of lymphocytes The T-ceil infiltrate, char- 
acteristic of the second inflammatory phase, contrinutes to the 
transient nature of transgene expression ooserved following 
adenoviral gene therapy CD4" T ceils of the Th-1 subclass 
produce gamma interferon (IFN--y), which upregulatcs expres- 
sion of major hisuxompatibibty complex class I molecules on 
vector'transduced cells (,74). CD8"" T cells perform the major 
effector function ana destroy vector- transduced ceils in an ma- 
jor histocompatibility complex class I-resincted fashion (71- 
73). 

Over the past several years, a clear undemanding of a major 
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signaling pathway that controls cell growth has emerged. Stim- 
ulation of receptor tyrosine Kinases results in receptor cluster- 
ing and auiophosphorylation (63). Guanine nucleotide ex- 
change factors for Ras are then recruited to the cell membrane 
by adapter proteins which bind to the exchange factors via SH3 
domains and interact with the ryrosine-phosphorylatcd recep- 
tors via their SH2 domains (10, 12, l8 r 40, 50, 53, 58). The 
exchange factors then activate Ras by releasing bound GOP 
and freeing Ras lo bind excess GTP In the cytoplasm (55). 
Ras-GTP recruits Raf-1 to the plasma membrane, where it is 
subsequently activated by other kinases (19, 34, 39. 60) Acti- 
vated Raf-1 phosphorylaies and activates mitogen-aciivated 
protem Kinase (MAPK, also known as extracellular signal- - 
regulated Kinase [HBiC])-aaivaung fcnase (MEK) (16, 30, 37j\ 
wtucn m turn pnosphorylates and actrvatcs MaPK. Cytosolic 
phosphotipase A^ is phosphoryiated and activated by MaPK, 
resulting in the production of aractudonic acid, a potent in- 
flammatory mediator (41). -En addition, activated MAPK trans- 
locates to the nucleus, where it phosphorylaies and activates 
transcription factors {15) 

Activauon of the Raf/MAPK. pathway has been shown to 
stimulate tramcrjpoon through AP-1, ETS. NF-ILr6, and 
NF-kB elements (8, 9, 20 r 65). Transcription of many cytokine 
genes is regulated Dy factors dun bind to these elements. For 
example. NFnB and NF-lL-6 arc necessary for IL-1£, TNF-c*, 
1T^6, and expression. Moreover, activauon of the Raf/ 
MAPK stgoahng pathway has been shown to trigger the syn- 
thesis and release of cytokines. For example, Raf-1 is required 
for IL-2 production in response to pnornoi X2-mynsiate 13- 
acetate (TP A) or antt-CD3 antibody, and constitutive |y acti- 
vated Raf-1 stimulates lt-2 production in T cells (52). 

Cyclic AMP functions as a negative regulator of thh» pathway 
Dy activating protein kinase A (13, 25, 27, 29, 57, 6S). Protein 
kinase A has been reported to inhibit activity Oy two 

distinct mechanisms. Cydic AMP stimulates the phosphoryla- 
tion of Raf- 1 on serine 43, which decreases the affinity of RaM 
for Ras (68) However, protein kinase A can also inhibit the 
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activity of Raf-1 through phosphuryl&tiun of its lunase domain 
(27). 

Very little is known concerning me mechanisms mat initiate 
the firsi phfc>c of inflammation following adenovirus infection. 
One possibility is that me first phase is cheated py the activation 
of signaling pathways in the transduced ceil that identity it as 
being infected oy a vims. Adenovirus infection may trigger 
signaling pathways thai activaur cellular defenses such a* cyto- 
icme induction and arachidonic arid production. 

In Wis report, wc demonstrate that adenovirus infection 
activates the RaJTMAPK signaling pathway. Jn addition, our 
results suggest that activation of this pathway contributes to 
ltr8 producuoo following tfdcnovims infeaton. 

materials and methods 

Cai* #o« nm»«». HcLa celt* were ob t ai ned trorn me American Type CuUurc 
Collection and wvre nv^otaiccd .n Du»«ceo» modified Eagloi m^Mrn 
(DmEMJ auppiemcntcd witn llflfc caii acrum. Adenovirus type 5 (AOS; and 
rtcl cil' m 01*1*41 £3}2 were obtained tmro ihe AjDcncaui Type C»tu*rc CoUco- 
iton. The El\ £3*dctacd adcaovirw A dLwZ **prv~«^ It*: iU^2 gene bum Ike 
Ad5 El rcpon. AdCMVN«4t *& similar io AdLacZ c*ctpi dot u contain* only *&* 

region, The £3-adcicd acrncwiru* AdGw* Mprc»» p-g^^omdau* rrum 
toe cytomegalovirus puir^l^r m ^ic-Tl- ..^orr. . * . 

AW virtues wot piopafpicd on 2V3 ortu (2*J The nr uses were pufrficfl from 
infected ceil* at 2 d*/> posxintecuon by truce frceio-maw cycle* true vwxro 
^sftQwod Oy three tucce>Siwc Dana>np en GsO gradients Panficd wirot wu 
datyzed a^n»i # 10 mM Tns (pH 7£) buffer conuwning 150 mM NaO, 19 mM 
MgO^ and 3% suoiw and wj»» MOfc4 *4 -70*C unul w*. All /masi were 
seated via found lo have rcpiicaiiOTV^oxnpeteni adewwtrt U~cfc uf man 1 
*n IO 7 PFU. Hcat-iTMo«wM^a *rw »«s gencraied by mcubaung the *n* prep- 
aration at $6*C f&r I b. 

Imam not) lotting una taoatt oasy*. Cclb grown or lOem pJ3u» <»cr7 »«r>ea 
m scrtifD-frcc DMEM for la ft una thai treated wnn 100 ng of TPA per ml 
(CKt3ti>-BRt-) or were jnfcczctf wab adcnuytrio vectors ai a muIupUc^y of ifitcc- 
kon tMOl) ot 50 in 1 ml of xrum-frcc Dr<EM, um*^» a\ttcr^M< tfto>A»tea AI 
Uk indicated sun? puutu. toe cclb were witned irtree uma vun pftp»ptui#- 
pblfcred saiioc (PBS) and fe*eQ m X au u| ice-cold RIPA bufld (20 mM Tib LpH 
7.^1 137 mM N«Cl. 10% £l>P»rul, 0 1% aud^nm 0«JcCri ^tfiU: (SDSJ. 0l5* 
dcoxycaoucc. 1% Tntun X-lOO, 2 ntM EDTA coru^tune 25 mM Etjtm pcuj>- 
poaic. 10 mM tOGium pyrupnuspmne. 1 mM pr*cDyImcdi>Uul£oAyj fluoride. 5 +t 
ot aprcbnui per ml. 5 ^ of tcitpepim per ml. »4 1 mM vxWtn wwtoxc) at <*C 
for 10 mm. CeU ty»icfi were scraped into Eppcndort tut>ci ua cunficd. The 
Super Biiuu was toco tnitotcrred to it new t*Pe mid usu} for tfnmufioprcapso- 
tton w;th eiiUer % fUM-6pccifk antHcrum generated 4&haa mc C-tormnwl 
domiMi of Raf-l or ER&4-*pcc*ffc arawemro (Sana Cruz Biotcc&DQtoetcs). 
ImmvcwprccipiuMb ^e fc w2&bed tnrce nmc* wun HIPa. putter fur imxm«xHiOUit- 
uag and twice cacti w^di fUf A hotter, UQ bufer (0 5 M L»Cl 0.1 M Tn* {pH 8iJ, 
and k>ru»» thtScr (25 &M HEPE5 [pK 7.4], 25 mM gjyiwoi pru»pD»ic, 1 mM 
didnotbrcitoi [DITJ, 10 mM MjA> tor tina* a*ojr». KtAPE a»*ay» were 
performed tn ^O-pi reaction muium «Kti 10 [t^PJaTP-IO »M m4a- 

beicd ATP-2 >tg of myelin oastr proicin (M9P). Rsf icmase »aa^y» ^re ptr» 
tor Aicd m iwwirfw mwa««a Ifl jXi of l-r^jATF-lO *M imubeled 
ATrWl-5 MKK K97M (42;. Kttta rcjct>on m*xlun=> were .ncubatcd for 30 
mm at room r«mper»tuic. LacmmU buffer wa» jdded, and ttte reacuon marura 
were txulcd for 5 nun wd c*ceuophoiB^d os SDS-poIy3cr^tamtde> jci*. ft*** 
«crv cuner an ed down ana ^puxc or tmmterToo to nitrocellulose, c^poccd. 
*ftd awPwo.ucndj M^cd tor immurtodtou to control for e^t»*i l»<<l> of R«M or 
MAPK >d tnc imrauru>prccip m t t ca 

For imAunobtot iuii>>t», tmmu»iopfucip»iatcb were dcciroprtorescd on SDS- 
pttlyacrytoafrde serx ckctroo io ti rd to TrrtrtwT- nii lr » y . oldeked min TBST (10 mM 
Tri* ipH SJ. 130 mM NaQ, 0.05% TWn-20) com^n+njj 3% pm»«e aonon 
&Ibad»a tor 30 mm at wm Ecinpcrature. and .ncufiatcfl *wip eitncr E^rX^2, 
Rot-l. Mr pnu>pnor>rostnr sp*Zine'*vu*cT>en +i r»**m lemper&Kre for 1 n The 
jnrounooiots were ».i>acd tn TBST ud mcvdatcd with cuter «nu*moaw w 
aAt4-r405.t dnmunogto&utm G conjugated to norscraoitti perojudasc (Bocnrm^r 
Monnteim) fur 50 nun 21 roum t&mpcrwwr« tmd (ten >*a»lted m TBST 4ftd 
detected oy ciuunced cn^mjluminc^ccficr (Amcrsnam) 

Prouuo ^nhoaiDA* pKSET A t-MKH (K£»7M) (a t^H Irom N Ann) ~*> w»ed 
to (ramrorm ok ttlZl btram or f^enfttw cot* A CbJtvr? «oa i n ciilmr ^ »i 57^C 
until lie opwa dcowiy at 590 ran reocned 0.5. The icmperamre smtted to 
2S*C die culture wo» mdwcea -.m 0 U3 mM jSOpropyl-^-D-tluogaUaopyraooaCc 
CIPTC). and inc eclb were growo ^ *a a*a*uuooai 20 ft O) T))c b^cteoal culiia c 
wk* pvlksted »nd (jScO m ^«4S Duffer coonming 20 mM m^m< n o w m * nc , 10 mM 
Tra (pH IS), 60 mM N*Q 005% (wt/vot) Tnton X-100, 2 mM DTT. 1 mM 
prtcnyirncOiyUtiifanyl RuortOe. 10 h$ of t«upcpt>a par mi. 2 uM pepsaun. and 10 

vf ^pr^tabp per mj Lysoayrnc was iddecl io 1 mg/mi, Anu toe lyw: 
tncubaicd on to? for 30 mm and oicn son*catcd. DNisc I (Boennnser Mana- 




FK# 1 A4cpo«trk4t> inteciton induces trio r>rox»nc phospftorytiuon ind mo- 
pjur> sTufi of MAPK- HeLa oclb were treated witn TPa for 20 mui or wtit 
fQfcctcd witu ArtT ir7 or tti-»Mn irnvated AdLaeZ tor 5 ^nd 3U rao. (A3 Csll 
^»e» wer« *mm»moprccipitatcd and then ucmunocuuticO witrt an po^"**- 
sptcitK antoerum. (fijT^ww pnospjiorytatioii of p42 w " wa* analyzed by 
fmrmi&obiorung 042"^ inanuno prec *pna w ^td ate 4G10 amvpnaspftoiy 
rosinc anttpody 



neam, pad* SI) >yw *ddcd w » final coftcciiiratiO»of 25 ^fimn, MgDiwasaddcd 
to a rual oonocaaauoa of 23 mM. and toe ma»urc »ncwb*ted on ice fox 10 
mm. Th» nuwrUl aaWrrfUtjed W JOOOOO x g for 30 mm at 4*C Nk"" 
rtiUdouucetic Kid (NTA>a£«rgcie pvriftcOw performed ^ pmiOdaly 
tt^^fwj (3i) Briefly, die cupenaunt wa» a djuwed co 175^ gty^eroi and mcu- 
batsd wun 4^ ml of ~<ur«a Ni' T * NTA-a^aroac rcsu» (Qufien) for l h wun 
rofWflfii agctation. The matcml w» ccmnn*Bp4 ^i 20U x$ tiwio m>nw» w CtifWj 
w«uheO wiin and rca»uspendcd tn buffer D (10 mM HEPES [pH 79} r 5 mM 
M^CH, 0.1 mM EPTa, 50 mM NnO. l mM PIT. 17% glycerol. 0J mM pnenyl- 
mctsyUulfonyl Huonde. 10 mM KaF) cOnta-tuOB 0 8 mM inifdatok The Jtsm 
was warned surccxxivety witn buffer D co n taini n g 0£ mM and (hen mM 
mvdaxutB zo\ was then clutcd wild huffer D contaourtg 40 mM and ifccn SO mM 
imidazole The t ntet«om eo*»wmms MKK (K97M) were pooled and dolyaed for 
4 D m buffer containing 25 mM Tra (pK 74), 5 mM £GTa, 2 mM DTT, 0 1% 
(wiAoi) Thion X-100, and 50% (vol/vc4> jpyoerol and were stored *c -2CTC. 

NonbcrD (R14A) «ooly»». HeUi «4M were infected with AdCMVtf uil at a 
MOl of 5o or treated witp TWF-a per ml (Pcjeftnngcr). Fbnowm^ mfbcuon, ecu* 
were washed wtw Umeo min PBS, add iota! Rna was eatraetsd by usmg 
RKazoI B (Biotea Laboratonck, Inc^ Huu*ton ( Tea.) tdUowin^ me manufae^ 
(urcfk AinicXriiu. A 10-Hs amOudt of total RMA was eiearopnoresed on a 1% 
ai^uuoe formaidebyde gti ai 100 V for 2 h. AMA tr«t»tvrTed to » Rylon 
membrane and ourf-lmJtcd with 1 20,000 w\in a Stzamlinker UV cros*-iinXcr 
(Scram^ne). Northera blou were bjOndo^d with n P-l»beJ*a TLA cDNA and 
GaS&H cDKa tka^mcms. The bk»s were wotted and capoocd » fUm. 

LL-S EUSA, Hci* «db puted »t « demtry of 2 » if? cdb per wefi is 
12-wcJJ ptatea. Afte?24 h, the cclb «^rc mci»h«ted wOA for>fcut«n or t<Wicoxy- 
bjrsaoim ai a cartcentrauon of 20 in (L25 mt of DMEM ju pple wcwcd with 
2% cat? a«rum for 1U m»n &t 37"C AdtacZ at a MOl of IX wa» added, and ute 
mutare was ipcuoatcd for oO nun nt 37"C. tV mlccwd celb wore waabed w^th 
r*6S and then incubated in 1 ml of DMEM ^ppfcrnrmed ^idi 2% caif acnun oi 
J7X m a ni»m»rtiffrd tocuoator at 5% COj After 19 h, the cell mcdwm 
analyzed for fl^a protmn Oy a sandwich enryua.*ufikcd itnmunoaofbeni aaay 
(ELSSA) (Ro\D Systems) occocain^ to thx rrauiuUcx»*n:r"B uu»iruCt*uftS 



RESULTS 

Adenovirus infection activates MAPK. To determine if ad* 
enpwtrus infection stimuJaics the Rnf/MAPK signal iransduc- 
[ion pachway, HeLa cells were infected with a highly purified 
adenovirus vector. AdLaeZ- Cell ryaatcfi were obtained 5 ana 
30 nun after [he imuation of infection and were tmmunoprc- 
cipitatcd wtih p42 ro * pw -speciflc antiserum. ImmunoDiorting ot 
ihc 042™*^ tmmunoprecipitates with 042"*^ antiserum re- 
vealed the ejustence of a sniftcd form of p-»2 BWpL present 30 
mm after infection wun the vector or itimuiation wiih TPA 
(Fi& 1A). Virus mat was heat inactivated prior to infection 
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fiC 2. Afemxwu* ^ ftrt. n n activate* MAPK CeU Jys*Hw -err wwlywJ tor 
MaPK acmtoy witfx p^*** 5 *' t mTn y n cycwpi»te» m tnnnunc eornpka. kunac 
2132*73 *im MBPaiil&c wtfeirac Thr boiian* p»nd» straw ^2**^ muounooiou 
ClB} of tfte nui^jui uJcC in lite Mm*: a*s*y> (A) J"Ut^» ccM* wctz mock, infected 
[buffer) or w*rt mfccicd mrft AdLuZ or ixawnaaivaicd AdLacZ at a MOJ o| 
25 PfU perccUtur5mid2Uiiiifiorwcn:&liAmbiicd ***tn TP A a* uiOicucd iBj 
HcLa cdls »-cn: infected wuft Afl>, 4/312, AdCMVNull. A4Gu> # or hcai-maco- 
vaicd Ail5 *i a MOI of 6.000 pan>cta> per cdl for 20 mm 



failed to induce the p+T"* 9 * mobility shift. Previous studies 
have correlated the altered mobility of p42 napfc with the ty- 
rosine phosphorylation and activation of p42 mw . To deter- 
mine if the shifted form of p42 m * pk vm* phosphorykitcd on 
tyrosine, a simitar immunoolot was probed with the 4G10 an- 
tibody. Tyrosme-phosphorylatea p42 m * pL similar to that ob- 
served following TPa treatment was detected in tysates from 
ceils infected with Ihc adenovirus vector, bat not the heat- 
inactivated vector (Fig. IB), 

To determine if this modified form of 042"^^ had increased 
kinase activity, ceil tysates from vector-transduced cells were 
immimoprccipiiaicd with p42 n, * p ^5pcafic antiserum, and in 
vitro kinase assays were performed with myelin basic protein as 
a substrate. A dramatic increase In p42 ro * pfc ' km&sc bctrviry was 
evident at 20 mm postinfection that was not seen with the 
heat-inactivated vector (Fig. 2a, top panel). The elevation in 
p42 m *** kinase activity was similar m magnitude to that ob- 
served following TPa treatment of the ceils Jmmunobiot anal- 
ysis of me filter with p^y^^-specific antiserum revealed that 
equivalent levels of MaPK protein were present in the tnv 
munoprccipitaies (Fig. 2A, bottom panel). These results indi- 
cate mat me tyrosine phosphorylation and specific activity of 
MaPK arc increased dramatically following adenovirus infec- 
tion. To determine if the elevation in MAP kinase activity 
was specific to AdLacZ, cells were infected with wild -type Ad5, 
an Ela deletion mutant, or two adenovirus vectors, 

AdCMVNull or AdGus. In vitro MaP kinase assays were per- 
formed on p42 fn * p * immunoprtapitates from cell tysates har- 
vested 2fi min after mfecuon. All four viruses, but not heat- 



inactivated Ad5, activated p42 ID * pK efficiently (Fig. 2fl). These 
results indicate that activation of MAPK is not specific for 
AdLacZ but appears to be a general effect of adenovirus in- 
fection. 

Different extracellular stimuli can result m either transient 
or sustained activation of p42 mi P k m PC12 ceils (28, 49, 61). 
Transient activation of MAPK results in proliferation, whereas 
differentiation is the response to sustained activation, a time 
course of p42 m-pL kinase activity following adenovirus Sec- 
tion revealed detectable p42 w> - activation 2 mm after infec- 
tion (Fig. 3, lop panel), p42 m * pfc kinase activity peaked at 20 
min after infection and subsequently waned, with only minor 
elevation observed after 60 nun. Immunooiot analysis with 
p42 mkpfc *spccihc antiserum revealed that equivalent levels of 
MAPK protein were present in tbe immunoprecipitates (Fig 3, 
bottom panel). We conclude that adenovirus infection results 
m a transient activation Of p42 m * p \ 

Adenovirus infection activate* Raf-L Activation of MAPK 
has Oeen reported to occur via two distinct pathways, one 
stimulated Dy RaM (16, 30, 37, 62) and the second stimulated 
oy MEK kinase (3S). The pnysioiogical Significance of the 
MEK kinase induced activation of MAPK has recently been 
questioned, since MEK kinase has been shown to be a potent 
stimulator of the stress-activated protein kinases and appears 
10 stimulate MaPK only when ovcrcaprcsscd (17, 69, 70). To 
determine if adenovirus infection-induced MaPK activation is 
mediated Dy Raf-l, m vitro kinase assays were performed with 
Raf-1 immunoprecipitates and kma^inacuvaied MEK as sub- 
strate. This analysis demonstrated that the AdLacZ vector, hut 
not the inactivated vector, increased the phosphotransferase 
activity of Raf-1 (Fig- 4). 

A time course of Raf-X activation fallowing adenovirus in- 
fection revealed that Raf-1, like MaPK, was mawmahy acti- 
vated at 20 min postinfection (data not shown). This 20-min 
delay in the activation of Raf may be due to a delay in adeno- 
virus binding to its receptor. To address U\\i issue and deter- 
mine the timing of Raf kinase activation following receptor 
Dinding, temperature shift experiments were performed. Ade- 
novirus wQi bmd to hut will not enter cells efficiently at 4*C (26, 
64). Adenovirus was added to cells at 4°C and was allowed 60 
min to bind to cells. The cells were then warmed to 37°C, and 
Raf kinase activity was monitored as a function of time. Under 
these conditions, maximal RaM activation was ooseNeo 5 mm 
after the shift from 4 to 37°C (Fig, 5). These results suggest 
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FIG. 4 AitejtOtfiri* infection iaiWM» SUM kmiBc WcLa cctts were ticaicd 
«*tft TPA and mfcnca ~>tn AdLacZ or hew-utBcuvwcd A0L*c2 tor tfcr iiVJr- 
caicd pcfUKts of tone. CsM *crc tfhftuinoprecip»mec mxb a IUf-l-»pec»fc 
•ncucr^m. wssttctl ihm acutowo wiw tottCitvaxcd MaPK kiaaac (MKK 

on a 10% poty3a}t*mt4a-£PS gel. inui»fcrrec k> mirocclluU**, jw4 cxpooctj 
The IXMiom pane! atiowj * fWE-i irom-octtci ;3) -^rr^-„TW».isr: « - - : ■ 



that RaM vs activated early after adenovirus binds to lis re- 
ceptors. 

Adenovirus infection induce* ILr* synthesis. We then tnves* 
tigated the possibility thai adenovtros-ioduced activation of 
tfus pathway results in the induction of cytokine synthesis. 
Since IL-S is produced Dy epithelial cells (2, 35. 46\ 59) in 
response io various stimuli, IL-8 mRNA level*; were examined 
at early tunes following adenovirus infection HcLa cells were 
infected with AdCMVNuit, an adenovirus vector similar to 
Ad Lac Z, except that U docs not express- a tran^gene, and IL-8 
mRNA levels were determined at various uraes postinfection 
by Northern analysis. Delectable levels of U^8 mRNA were 
observed 20 nun after infection, peaked ai 60 nun, and were 
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FIG. 5. EUpxi aaivawjnol Ra1-i aUcr*acnovm»*inlsewon. HcLa cell* were 
toc^bvtcd wtin AdLacZ [or ZU or 6U rmn at 4*tT *oa trtcn incubated 3TC as 
mctCdtrfl CcU ij^trt were jninvuiwprec»p»a«e4 ~<ffi » RaM<*pacific *flL»c*ufii. 
washed, 2TVJ men tnoitmm wiib inactivated MaPK Unz*e (MKK JC97M) m nw» 
pretence of iv^PjATT Phatpfrarjuicd MKK K97M was resolved on * 10% 
poiywri^UtfjOc-SDS gei. irans£cjw3 w mtnx^U^kyac, 40a oip£Uc<! The Dotiom 
panel iti&w* a Rif-l Knrownubloi (IB) of the natcral utcd oi it>e k+tw^c **«>y 
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FIG. 6. Adc»M^ru> inhmifm i^c\^cs n>6 ?>mhr.n. A l0-^ •roowen of ^>Ml 
ceU H Uf HcU 0c|| SNA W3» iTUJywO ~un 1X^8 Qa1*DH piutw. (A) RNA 

MOI of 25 or 40cr x uti mfaino p wife 10 ot TNF-u per ml. (B) RNA m» 
&4rvc*r4 at tiO mm after mfcctioa wiui aoUcZ 4» tbc presence or absence of S 
r& of cjf^ultcxftttftc per ml o> i nd i cated . 



sustained for up to 3 n (Fig O^A). Similar results were obtained 
wtin ihc AdLacZ vecior (Fig 6B)- IMI expression was not 
detectable in uninfected control cells. Tne kinetics of ILr8 
induction following adenovirus infection suggest that it is trig- 
gered by a postirandlationat event. Infections performed in the 
presence of cydoheximide support inzft idea, since cyclohcari- 
raide had no effect on udenovirus-inCuced induction (Fig. 
6B) The migration Of mRNA induced Dy XNF-a is 
sligntfy slower trum ihai mdutaed 0y aoVnovtrus infection. The 
reason for this b not Clear Dot may be due to altered processing 
of the tlrS message or dutereauai transcription start site uti- 
lization. Importantly, ihe increase in ILh8 mRNA levels fol- 
lowing adenovirus infection correlated with an increase in se- 
creted IL-8 protein observed in the media by an ELISA (Ftg- 
7B). 

Activation of ifee Raf/MAPK pathway U rrquirrd fur adeno- 
vinis-inducrd 11^8 induction. To determine if RaH is neces- 
sary tor adenovirus induction of IW, the Raf/MAPK signaling 
pathway was blocked with fbrsjeolin, a drug that increases cyclic 
AMP levels and activates protein kinase a (56). hnmunopfe- 
cipi tales of pf?**** from cells infected with adenovirus in the 
presence of forsXohn were severely compromised in their abil- 
ity to photsphorytaie MBF, wnilc l,9^iteoxvforskolin (an in- 
active forskolin analog) had no efea (Fig. 7a). We then 
looked at the effect of blocking the Raf/MAPK signaling path- 
way on U-*8 synthesis. Cells were infected with adenovirus 
vector AoXac2» in the presence or absence of fcr&koun or 
1^9-qide03ryfbn>koljn und IL-S protein levels ui me nrveaia were 
analyzed 19 h postinfection Dy HtlSA Fretreairncm of cells 
with lprskolm, but nor 1,9-dideoxyfonkolin, attenuated vcutor- 
induccd IL-8 production (Fig. 7B). These results mdicalc that 
forskoUn blocks adenovirus infection-induced acuvation of Che 
Rdf/MAPK pathway and suggest that the Raf/MAPK signaling 
pathway is necessary for mammal IL-8 syptnesis following in- 
fection. 

DISCUSSION 

To gam a better understanding of the inflammatory response 
following aoenovirus infecuon, we examined cellular Signal 
transduction pathways that are activated following aoenovirus 
infection. Our results demonstrate mat Dotn RaM and MaPK 
arc activated at early tones fbllowmg aaenovu*us infection. The 
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FIG. 7. FonhoUn *oWms MaFK «R*tf»ltOn *i4 tLrfi syaihcws foAowmg 
vutLatcZ *nfeciton (AJ HeLa cells were fcfi unntst?d cr c*mm«4 wtffc fwskaUn 
lF*k) for 30 m*i Cdfc were iten infects w«& AflUcZ for 20 nun. awl cell 
ly&Mcft were aaalyxnj &r MaPK icinrny t* p**"***' umxmnoprccipa&tes ui 
mummc complex fcra*e d^i MBP u suteuw Tim t>uUum pmel sfto« 
An j*2"-«* rt?mii»noWoi (IB; of it* nwier*j u*cd m me luiusc asay. (») tfeL-i 
ecib wot incuttttcd villi torsnoim (FdO or I>«*a©gayt£>rsk0Un (ddFsk) as a 
conctTur»r*ftP otf 20 ptgfinl for 10 nun at 37*C. Thr cdb were ittcn ottecica ma 
AdLkcZ u 3 MOI of 100 f&roO minwte» *t 37~C After 19 ft. the ecu menjuni 
jin^/Ed for IL-8 proton by a *aju3w tch FT ISA. Error tar* *na#e*W the «an4a<d 
errors cf ito (« - 3). 



activation of tnb signaling pathway may be important in the 
initiation of immune ana inflammatory responses agamst the 
virus. 

Infiltration of leukocyte* during an inflammatory rc*porbe b 
mediated by cbemoiaciic factors such as U_-8. 1M* b a potent 
chernotacuc cytokine for neutrophils and T lymphocytes (51). 
Induced expression from the IL-S promoter Is dependent on 
three distinct enhancer elements, the AP-1, NF-kB, ana NF-. 
IL-6 binding Sites. TNF-a ana gamma interferon synergisticafey 
activate the 11--8 promoter through tne NF-*B and AP-1 ele- 
ments in a human gastric cancer ceil hoe (75). The NF-kB and 
the KF-IL-6 binding sites are essential for activation of the 
U_-8 promoter tn a human T-ccti tine, Jurkat, ano in a human 
monocytic cell line, U937 (36. 44). Each of these elements* bis 
previously been shown to be regulated Dy the Raf/MAPK sig- 
naling pathway, MAFK phosphurylates NF-IL-o at Tnr-235, 
resulting in an increase in NF-IL-6 traqscripuonai activity 
(45). Transcriptional transacuvatian through AiM Mtes (8, 65) 
ana NF'kB binding sites (9 t 20) is simulated by Raf-1 

Aaenovtrus-mducea IL'8 expression has recently been 
snown in A549 cells (2). Thci»c investigators demonstrated an 
increase in mRNA and secreted protein 24 h after infec- 
tion. Thus, a paracrine raccnamnm for IL-8 production follow- 
ing infection could not be ruled out. Our results indicate that 
mRNA accumulates as early a* 20 mm after ceils arc 
exposed to the virus. Since cycbloheximide aid not oioac the 
rapid accumulation of 1L-8 mRNA, it appears mat an aoeno- 
virus-indAced activation of tne IL-8 promoter occurs Dy a post- 
tmnslatibnai mechanism, it is likely thai adenOvirus-induced 



acuvatjon of the Ra&MApK pathway contributes to the induc- 
tion of the IL-8 promoter since forsfcalin, a potent inhibitor of 
Raf-1, inhibited both MaPK activation and IL-8 induction 
following adenovirus infection, while the inactive analog l$~ 
didcoxyfoptkolin had no effect. 

The mechanism Dy which adenovirus infection triggers the 
Ka&MAPK signaling pathway is not known. It is unlikely that 
expression of any gene products from the adenovirus vectors 
used in thb study axe involved in activating the pathway, smce 
it is activated by many different vectors thai express different 
genes. Moreover, the timing of Raf-1 and MAPK actuation is 
not consistent with gene expression playing a role, since these 
kinases are activated between 2 and 20 mm postinfection, a 
time when no tiruS-speofic gene expression, is expected to 
occur. Adenovirus binding to cells is dependent on an interac- 
tion of fiber with an unknown cell surface receptor. The virus 
particles are then rapidly internalized Dy receptor-mecUaied 
cndovyiosis. Viral entry is accelerated Dy the interaction of 
penton base with fcv intcgrfns (3, 66) Since ligation of integrin* 
has been shown to stimulate the MaFK pathway (U r 33, 43, 
54), it is possible that the penton base imegrin interaction 
mediates activation of the Ruf/MAFK pathway. Alternatively, 
" j.^eVOmdmg to ic> receptor or subsequent events >uch aa 
enOosonie rupture, may play a rote. These po»ibJe mecha- 
nisms of RatfMAPK pathway stimulation by adenovirus infec- 
tion are currently being examined. 

The finding that adenovirus infection activates the Rat/ 
MaPK signaling pathway raises the possibility that activation 
of ihb pathway ts necessary for etneient adenovirus infection. 
There are several steps in the infection process that may be 
regulated by the activation of the RaffMAPK signaling path- 
way. Adenovirus El A protcin> have many fuftcuons, one of 
which b to bind to Rb and pl07 and thereby activate JZ2F This 
function of El A is thougnt to induce quiescent cells to enter S 
phase, an environment conducive for viral DNA synthesis (47) 
Since vRaf iti an oncogene and many miiOgemc agents activate 
the RiuVMAPK pathway, it is conceivable that adenovirus- 
induced activation of tne Rai/MAPK pathway may facilitate 
the cell cycle progression of quiescent cells, thus setting the 
stage for efficient viral replication. A second possible Dencfk 
for the virus suggested by the activation of the RatfMAPK 
pathway following adenovirus infection may -be to drive ElA 
transcription more efficiently. ElA is the first gene to be tran- 
scribe^ durmg an adenovirus infection (48), aid it* transcrip- 
jjpq » dependent on celjular transcription factors Expression 
of the remaining adenovirus carry genes requires ElA (4, 32). 
Thus, the initiation of ElA transcription is a critical step in the 
infection process. ElA Iranscripiion b controlled by an Ets 
family transcription factor, EF-lA, whicn is the human ho- 
molog of GaBP C5-7), We have recently shown thai acuvauon 
of the Raf-1 signaling pathway results tn the activation ot 
GABP (21). Thus, ii is likely that adenovirus infection-induced 
itctivauon of the Raf/MAPK pathway augments ElA transcrip- 
tion and helps to initiate the early pnasc in adenovirus infec- 
tion. Other steps m the vu*al life cycle could be affected by the 
activation of the Rafi r MAPK pathway, sueh as increased elft- 
ciency in viral uncoanng, transport, or en nance a translation of 
viral transcripts. Alternatively, it »& possible mat activation of 
this pathway 15 not important for efficient infection and that it 
is a S4de effect of infection. The*e possibilities arc currently 
being examined. 

Tne implications of this work for adenovirus~ba>cd gene 
therapy are that vector-induced activation of tne RatfMAPK 
signaling pathway and ZL-8 production may contribute to the 
hoit inflammatory response observed following adenovirus 
vector delivery. Blocking these pathway* may be critical fQT 
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developing an adenovirus delivery system ihai w assoauied 
wilh reduced inflammation. 
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